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Gas chromatographyAbstract Method veriﬁcation is crucial in ensuring that a routine quantitative method remains ﬁt
for analysis. Veriﬁcation is less comprehensive than validation because fewer aspects are covered. In
addition, the aspects to be veriﬁed must have a signiﬁcant impact on the analytical readings. In this
paper, a veriﬁcation process is presented in the form of tutorial in order to aid narcotics laboratories
in performing this task in a more competent manner. Although heroin is used as an example in this
tutorial, the overall procedure can be extended to other drug compounds as well. The procedure
presented here, however, serves as a minimum requirement. Additional aspects should be included
to ensure that the overall veriﬁcation process is able to meet the criteria set by the clients as well as
the legal practitioners.
ª 2015 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
An accurate and reliable method for determining the exact
amount of illicit drug can never be compromised because the
court of law relies on analytical results to make a fair judge-
ment. In this regard, analytical methods for the quantiﬁcation
of narcotic drugs are important. The reported net weight will
determine the fate of the accused. In any country, an analyti-
cally sound method for the determination of heroin is pivotal,
seeing as how this illicit product remains the most widely
abused substance throughout the world.
Illicit heroin is processed clandestinely and later diluted
with a variety of diluents before it is sold on the streets.
Previous studies established that at least seven majorcomponents, in addition to diacetylmorphine (or heroin), are
quantiﬁable in the sample matrix seized in Malaysia.1,2 In par-
ticular, opium alkaloids and caffeine constituted the major
part of the sample matrix. Diluents especially caffeine added
at the wholesale and retail levels have been found to have sig-
niﬁcantly diluted heroin to 1–50% in the bulk.
Many analytical methods discussed in the literature can be
adopted for the quantiﬁcation of heroin. Among all, gas chro-
matography coupled with ﬂame ionization detector (GC–FID)
remains the most ideal choice because it is rapid and versa-
tile.2,3 Alternatively, quantiﬁcation of heroin is also possible
with gas chromatography–mass spectrometry (GC–MS).4–6
Other less routinely used techniques such as high performance
liquid chromatography (HPLC),7 Fourier transform infrared
spectrophotometry (FTIR),8 diffuse reﬂectance near-infrared
spectroscopy (DR-NIR)9 and micellar electrokinetic capillary
chromatography (MECC) are among the options used by the
researchers.10,11ll rights
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ing a method that is well suited for the local samples.
Veriﬁcation is performed if a laboratory prefers to directly
adopt a published method. In other instances, it is carried
out as a revision for a particular method that has already been
in place for use. In this regard, basic aspects of method valida-
tion or veriﬁcation must be fulﬁlled.12,13 Although guidelines
are available, some laboratories may still have lacked the rele-
vant skills in performing method veriﬁcation. Hence, the
author would like to present a brief tutorial on this key matter
by using heroin as a target analyte (6-monoacetylmorphine
hydrochloride was included in the entire study but it is not dis-
cussed in this paper). It is hoped that with this tutorial, novices
can beneﬁt from the steps covered and be able to perform a
more reliable veriﬁcation task in their respective laboratories.
2. Materials and method
2.1. Standards and solvents
Heroin hydrochloride was commercially obtained from Sigma
Aldrich. 2,2,2 Triphenylacetophenone was used as an internal
standard (IS) and it was purchased from Aldrich Chemical
Company. HPLC grade methanol and analytical reagent grade
chloroform were both purchased from Fisher Scientiﬁc. Both
solvents (9:1 chloroform:methanol) were employed to prepare
a 0.18 mg/mL IS solution.
2.2. Gas chromatography–ﬂame ionization detector (GC–FID)
An Agilent 6890 GC–FID system was used for analysis. Other
parameters for the system are summarized in Table 1.
2.3. Statistical analysis
All GC data (peak area or concentration in mg/mL for heroin
base) were statistically analyzed with Microsoft Excel and
Minitab 15.Table 1 GC–FID operating conditions for the quantiﬁcation
of heroin.a
Parameter Condition
Column J&W HP-5 (5% phenyl 95% methyl siloxane)
Dimensions Length: 30 m I.D.: 250 lm Film thickness:
0.25 lm
Carrier gas Helium
Pressure 134.7 kPa
Total ﬂow 37.6 mL/min
Injection volume 1 lL
Split ratio 40.5:1
Flow rate 0.8 mL/min
Injector temp. 280 C
Isothermal 260 C for 11.30 min
Detector temp. 280 C
H2 ﬂow 30 mL/min
Air ﬂow 300 mL/min
He makeup ﬂow 25 mL/min
Total run time 11.30 min
a This method has been in place for years and the author could
not trace the origin of this method.3. Selectivity & speciﬁcity
Selectivity/speciﬁcity depicts how well the target analyte such
as heroin, can be separated from other commonly found com-
ponents in a complex matrix. The matrix is usually country
dependent. For instance, most heroin samples seized in
Malaysia share a similar matrix background that is constituted
mainly by caffeine, chloroquine, acetylcodeine etc. Therefore,
a method must be validated/revised to ensure it functions well
with the latest sample matrix. In this tutorial, a sample matrix
containing nine components (including the target, diluents,
alkaloid impurities etc.) in the presence of the IS
(0.18 mg/mL) was cocktailed and analyzed by the GC system.
Selectivity was checked by examining if all these components
were well separated from one another on a chromatogram.
Fig. 1 proves sufﬁcient selectivity for the target analyte and
IS, on which both also demonstrate good peak shapes. The
names of these compounds are detailed in Table 2.4. Precision studies
Area ratios (heroin relative to IS)were employed to evaluate pre-
cision. Precision expressed as the relative standard deviation
(RSD); is useful to measure how reliable or consistent a method
is in repeatedly analyzing a single samplewithout bias.Although
most method veriﬁcation procedures tend to include a standard
solution to estimate the precision, this however does not reﬂect
the performance of the method with real case samples.
Alternatively, a standard solution as well as heroin samples con-
taining the target analyte at routine concentration levels were
analyzed to examine the intra-day precision (repeatability,
n= 10) and inter-day precision (reproducibility, n= 10). The
heroin standard (0.3600 mg/mL heroin) achieved
RSDs = 0.40% and 0.29% for the intra-day and inter-day pre-
cision, respectively. Likewise, the heroin in the samples obtained
RSDs = 0.34% and 1.02%. The performance is excellent as the
results are verymuch lower than 5%which is themaximumRSD
conventionally reconcilable by most narcotics laboratories.
Further statistical tests should be performed to ensure the
reliability of the data. The intra-day and inter-day data of the
heroin standard solution were tested for equal variances. Both
Levene’s test (p-value = 0.113) and F test (p-value = 0.377)
showedno signiﬁcant variance between the twodata sets at a sig-
niﬁcant level p-value < 0.05 (meaning that both sets have equal
variances). In other words, the system is able to give the same
range of variances despite analysis being carried out on the same
day or over a speciﬁed period of time.
In addition, control charts were plotted for the intra-day
and inter-day data of the heroin present in the samples
(whereby two independent weights were respectively used for
intra-day and inter-day precision studies). Moving range was
employed to detect the subsequent difference between two con-
tinuous data points. The charts (Fig. 2) display no systematic
errors (e.g. four data points on one side). Random errors illus-
trated by the trend on each control chart are also acceptable.
5. Limit of detection (LOD) & limit of quantiﬁcation (LOQ)
LOD is the lowest level of analyte that can be detected by the
system. Conventional procedures tend to use 3 signal-to-noise
Table 2 Identities of commonly found compounds in heroin
sample matrix.
Peak No. RTa Compound name Nature
1 1.65 Methanol & Chloroform Solvent
2 2.15 Acetaminophen Diluent
3 2.54 Caﬀeine Diluent
4 3.70 Dextromethorphan Diluent
5 5.64 Codeine Opium alkaloid
6 6.21 Morphine Opium alkaloid
7 7.07 Acetylcodeine Impurity
8 7.33 Monoacetylmorphines (MAM)b Opium alkaloid
9 8.34 Chloroquine Diluent
10 9.15 Heroin Target
11 10.80 2,2,2 triphenyl acetophenone IS
a RT may shift depending on the concentration of the compound.
b MAM consists of both 6-MAM and 3-MAM.
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Figure 1 Positions of target and extraneous peaks in heroin sample matrix.
64 K.-W. Chan(S/N) or 5 S/N to deﬁne the LOD. Notwithstanding this, there
is no ﬁxed rule. The level of S/N is strictly laboratory deﬁned
based on their local needs. In this study, LOD was determined
with a low level of heroin (0.01568 mg/mL heroin) using a 10
S/N via the visual approach. The net signals or heights of both
noise and low level target peak occurring at the target reten-
tion time were compared (Fig. 3 and Table 3) and calculated
to obtain the LOD in terms of 10 S/N using the following for-
mula (1):
½LOD ¼ 10  ½Low heroin
SignalTarget signal=NoiseBlank signal
ð1Þ
It was determined that the LOD should be approximately
0.0034 mg/mL (If a 3 S/N were chosen, the LOD would
even be lower). Hence, a heroin standard was prepared near
the tentative LOD (0.003 mg/mL heroin) and was injected to
check on the reliability of this value. However, Fig. 4 shows
that 0.003 mg/mL is insufﬁcient for the system to read its
presence. A small peak was present for heroin but the inte-
gration events that have been set for this method were not
sensitive to read this concentration level. The integration
events were set as such in order to eradicate any signals thatare most likely due to noise rather than the target peak.
Again this explains why 10 S/N was chosen instead of 3
S/N in this study.
Alternatively, the LOD was again estimated via the lin-
earity curve approach by using the linearity data (see the
next section). By calculating the coefﬁcient of the slope
and standard error (SE) of the y-intercept from the linear
curve, the LOD (10 S/N) was estimated using the following
formula (2):
½LOD ¼ 10 SEConstant
CoefficientConcentration
ð2Þ
Table 4 summarizes the values obtained from the linearity
curve. The LOD for heroin was estimated to be
0.0195 mg/mL. So, the viable LOD range would be 0.003–
0.019 mg/mL. Based on trials and errors, it was determined
that the system is able to detect 0.015 mg/mL heroin.
Subsequently, a standard solution containing 0.015 mg/mL
heroin with 0.18 mg/mL IS was repeatedly analyzed for 10
times on the same day to determine the precision of the system
in reading this value. An RSD of 1.14% was ﬁnally obtained
for the area ratios, showing high consistency in the data.
Hence, 0.015 mg/mL is also set as the LOQ for heroin as the
method is able to quantify this concentration level with sufﬁ-
cient conﬁdence.
6. Linearity
A linear response of the detector is important for the system to
estimate the concentration of heroin in an unknown sample
based on the linear relationship between response (area ratio)
and concentration. A standard solution containing heroin at
1.20 mg/mL was diluted with 0.18 mg/mL IS solution to
obtain a series of dilutions covering concentrations from
0.05–1.0 mg/mL for linearity studies. Eight levels were pre-
pared for linearity studies. Each level was analyzed six times
consecutively. The normality of the data was assessed and
Fig. 5 shows that the data is sufﬁciently normal as it adheres
closely to the diagonal line.
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Figure 2 Control charts for (a) intra-day heroin and (b) inter-day heroin present in the samples.
Table 3 Figures for LOD.
Blank Target LOD (mg/mL) 10 S/NConc (mg/mL)
Max height Base height Net signal Max height Base height Net signal
0.01568 11.24 11.21 0.03 12.6 11.20 1.40 0.0034
Tutorial on method veriﬁcation: A routine method for the determination of heroin 65Subsequently, the LOD set of readings (from the previous
section) was incorporated into this dataset to construct a con-
ventional linearity curve. Data points at each concentration
level were precise with RSDs ranging from 0.24% to 1.14%.
Besides, the curve displayed a coefﬁcient of determination,R2 = 0.9996 with the equation, y= 3.8938x  0.0543
(whereby y= area ratio, x= concentration). The negative y-
intercept indicates suppression effects, meaning that the system
will show some negative response in the absence of the analyte.
Consequently, the measured value given off by the system
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Figure 3 (a) Blank signal, (b) peak signal for low level heroin.
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Figure 4 Chromatogram for 0.003 mg/mL heroin and 0.18 mg/mL IS.
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Table 4 Determination of LOD from the linearity curve.
Predictor Coeﬃcient SE coeﬃcient T P LOD (mg/mL)
Constant 0.072544 0.007646 9.49 0.000 0.0195
Concentration 3.91515 0.01132 345.97 0.000
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Figure 5 Normality probability plot for heroin linearity data.
Table 5 Recovery of heroin from a low spiked sample.
Day Level Quantiﬁed heroin
in sample blank
(mg/mL)
Calculated spiked
amount (mg/mL)
Calculated sum of
heroin in spiked
sample (mg/mL)
Quantiﬁed heroin
in spiked sample
(mg/mL)
Recovery (%) Mean
recovery (%)
A B C= A+ B D E= [(D  C)/C]  100
1 0.0314024 0.1198264 0.122199
0.0314904 0.121928 101.87
Mean = 0.0314464 Mean = 0.122063
2 0.0315293 0.1206494 0.122554 101.20 101.52
Low 0.0330095 0.08838 0.121630
Mean = 0.0322694 Mean = 0.122092
3 0.0312927 0.1197809 0.121380 101.49
0.0315092 0.121762
Mean = 0.0314009 Mean = 0.121571
Tutorial on method veriﬁcation: A routine method for the determination of heroin 67could have underestimated the true value. In other words, if a
one-point calibration is employed for routine analysis, it
should anticipate some loss in the signal attributed to these
suppression effects as the real plot does not actually originate
from zero. However, the extent to which these effects may have
on the ﬁnal readings should be further evaluated with recovery
studies through which true sample matrix is taken into
consideration.
Another linearity curve in logarithmic term was constructed
to enlarge the low concentration region of the graph. The new
curve obtained R2 = 0.9989 and y= 1.0203x+ 0.5743
(whereby y= log area ratio, x= log concentration). Againthe curve displayed sufﬁcient linearity for accurate determina-
tion of heroin including the low level concentration region
(meaning from 0.015 to 1.20 mg/mL). Hence routine calibra-
tion should be carried out within this range.
7. Accuracy by recovery
A good method is able to recover nearly 100% of what is
spiked into a sample matrix. A heroin case sample
(1.46 mg/mL substance with 0.18 mg/mL IS) containing
unknown levels of heroin was spiked with three known levels
of heroin. Four samples (unspiked sample, low spiked,
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Figure 6 Regression line for the recovery of heroin from caffeine.
Table 6 Mean recovery calculated from heroin case sample matrix and caffeine analyzed over three days.
Sample matrix Low (n= 3) Medium (n= 3) High (n= 3) Mean
Case sample 101.52 100.05 100.19 100.58 ± 0.81
Caﬀeine 100.03 101.06 100.61 100.56 ± 0.51
68 K.-W. Chanmedium spiked and high spiked samples) were analyzed in
duplicate (by using one-point calibration) over a period of
three days to obtain a mean value for the measure in each sam-
ple. The unspiked sample was used as a base to estimate how
much heroin can be recovered from each spiked sample.
Recovery was calculated based on the difference between the
measured concentration and the calculated concentration.
Table 5 illustrates an example of how recovery for a low spiked
sample is calculated.
This procedure was repeated by replacing the heroin case
sample with a sample containing mainly caffeine (1.2 mg/mL
substance with 0.18 mg/mL IS) since most of the local samples
are largely cut with such diluent. All recovery data are summa-
rized in Table 6. Overall, the results showed excellent recover-
ies, whether from the case sample matrix or caffeine alone. In
addition, suppression effects were not signiﬁcant to the extent
that they can greatly affect the ﬁnal readings when one-point
calibration was employed.
The recovery data can be used to construct a regression
curve to assess the adherence of the measured concentration
to the calculated concentration by checking on the slope.
For example, Fig. 6 portrays a perfect relationship as the slope
(m= 1.009) is close to 1. This means that the measured and
known value increase proportionately.
8. Stability
Stability is pivotal in checking the degradation status of a
standard solution. Two independent heroin standard solu-
tions with different concentrations had been stored for
1.5 months in a fridge to estimate the stability of heroin.
They were analyzed in duplicate against a freshly prepared
standard solution that was used in one-point calibration.The measured values of the two solutions were compared
against their calculated concentrations (as per their freshly
prepared concentrations). Both showed disparities of
6.31% and 4.69%, indicating that heroin tends to degrade
with time. Implicatively, it is suggested that a standard solu-
tion that is stored less than one month would be ideal for
accurate calibration.
9. Conclusion
An analytical chemist must be adequately skilled with the
above-discussed aspects for method veriﬁcation. More impor-
tantly, a competent chemist should be able to interpret the
data obtained from the entire process. It is because these data
may be helpful for one to trace the root cause of a problem
pertaining to the system. In particular, if a participating labo-
ratory has failed to achieve the desired level of proﬁciency in a
proﬁciency testing program, the veriﬁcation data may be of
utility to aid in the investigation process of ﬁnding root causes
relevant to the problem.
As a ﬁnal suggestion, if a single technique especially GC–
MS is used for qualitative or/and quantitative determination
of drugs, the absence of the target compounds should be
reported as ‘below LOD’. It is not advisable to state the
absence of the target compounds because certain drugs may
be present in trace levels. A conﬁrmation of its absence in a
false negative case is a scientiﬁc fallacy and a linguistically
inaccurate statement.Funding
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Tutorial on method veriﬁcation: A routine method for the determination of heroin 69Conﬂict of interest
None declared.
Ethical approval
Necessary ethical approval was obtained from the institute
ethics committee.
References
1. Chan KW, Tan GH, Wong RCS. Investigation of illicit heroin
seized in Malaysia: physical characteristics and chemical proﬁling.
Aus J Forensic Sci 2012;44:353–69.
2. Chan KW, Tan GH, Wong RCS. Gas chromatographic method
validation for the analysis of major components in illicit heroin
seized in Malaysia. Sci Jus 2012;52:9–16.
3. Narayanaswami K. Parameters for determining the origin of illicit
heroin samples. Bull Narc 1985;XXXVII:49–62.
4. Nakamura GR, Noguchi TT. Forensic identiﬁcation of heroin in
illicit preparations using integrated gas chromatography and mass
spectrometry. Anal Chem 1972;44:408–10.
5. Chow ST. Quantitative analysis of illicit heroin by selected ion
monitoring. J Forensic Sci 1981;27:32–8.
6. Zhang D, Shi X, Yuan Z, Ju H. Component analysis of illicit
heroin samples with GC/MS and its application in source
identiﬁcation. J Forensic Sci 2004;49:81–6.7. Lurie S, Carr SM. The quantiﬁcation of heroin and selected basic
impurities via reversed phase HPLC: 1. The analysis of unadul-
terated heroin sample. J Liq Chromatogr Relat Technol
1986;9:2485–509.
8. Ravreby M. Quantitative determination of cocaine and heroin by
Fourier transform infrared spectrophotometry. J Forensic Sci
1987;32:20–37.
9. Moros J, Galipienso N, Vilches R, Garrigues S, Guardia MDL.
Nondestructive direct determination of heroin in seized illicit street
drugs by diffuse reﬂectance near-infrared spectroscopy. Anal Chem
2008;80:7257–65.
10. Walker JA, Krueger ST, Lurie S, Marche´ HL, Newby N. Analysis
of heroin drug seizures by micellar electrokinetic capillary chro-
matography (MECC). J Forensic Sci 1994;40:6–9.
11. Anastos N, Lewis SW, Barnett NW, Pearson JR, Kirkbride KP.
The rapid analysis of heroin drug seizures using micellar
electrokinetic chromatography with short-end injection. J
Forensic Sci 2005;50:37–42.
12. Thompson M, Ellison SLR, Wood R. Harmonized guidelines for
single laboratory validation of methods of analysis. Pure Appl
Chem 2002;74:835–55.
13. United Nations Ofﬁce of Drugs, and Crime. Guidance for
validation of analytical methodology and calibration of equipment
used for testing of illicit drugs in seized materials and biological
specimens; 2009; Vienna: United Nations.
